LIGHT EMITTING DEVICE 

5 TECHNICAL FIELD 
[0001] 

The present invention relates to a light-emitting element having a light-emitting 
layer, a light-emitting device having the light-emitting element, and a manufacturing 
method thereof. 

10 

BACKGROUND ART 
[0002] 

A light-emitting element having a light-emitting layer has been used for a 
display recently. Such a display using a light-emitting element has advantageous 
15 effects such as a wide viewing angle, a high-response speed and low power 
consumption, as compared with a display having a liquid-crystal layer, and thus, has 
been developed actively, 
[0003] 

Light-emitting elements have a problem that their light-extraction efficiency is 
20 low due to scattered light or reflected light inside the light-emitting elements. The 
light,-extraction efficiency needs to be enhanced, 
[0004] 

In order to enhance the light-extraction efficiency, there is proposed a structure 
in which a transparent electrode used for an electrode of a light-emitting element has a 
25 different thickness according to emission colors (Reference 1: Japanese Patent 
Laid-Open No. 2003-142277). 

DISCLOSURE OF INVENTION 
[0005] 

30 It is an object of the present invention to enhance the light-extraction efficiency 
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of a light-emitting element by a method different from that of Reference 1. 
[0006] 

In order to achieve the object, a thickness of a layer constituting a part of a 
light-emitting element is made different depending on each emission color, which is one 
5 feature of the present invention. 
[0007] 

One mode of the present invention is a light-emitting device comprising a 
plurality of light-emitting elements. The plurality of light-emitting elements each 
include a first electrode and a second electrode; and a first layer, a second layer and a 

10 third layer which are sequentially formed between the first electrode and the second 
electrode, wherein the first layer serves as a layer generating holes, the second layer 
serves as a layer including a light-emitting layer for each emission color, and the third 
layer serves as a layer generating electrons, and the thickness of the first layer is 
different depending on each layer including a light-emitting layer. 

15 [0008] 

Another mode of the present invention is a light-emitting device comprising a 
plurality of light-emitting elements. The plurality of light-emitting elements each 
include a first electrode that has a non -light-transmitting property and a second 
electrode that has a light-transmitting property; a first layer, a second layer and a third 

20 layer which are sequentially formed between the first electrode and the second electrode, 
wherein the first layer serves as a layer generating holes, the second layer serves as a 
layer including a light-emitting layer for emission colors, and the third layer serves as a 
layer generating electrons, and the thickiless of the first layer is different depending on 
each of the emission colors so that light emitted from the light-emitting layer and 

25 reflected light, which has been emitted from the light-emitting layer and is reflected on 
the first electrode, can enhance each other. 
[0009] 

One feature of the present invention is that the first layer is a layer in which an 
organic compound and a metal oxide that is an inorganic compound are mixed. 
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[0010] 

According to the present invention, a ugui~cmiuing device having tho 
light-emitting element and a transistor for controlling current supplied to the 
light-emitting element can be provided. 
5 [0011] 

One feature of the present invention is that the thickness of a layer constituting 
a part of a light-emitting element is made different according to each color of color 
filters and the like. The case of using a color filter overlapped with a color conversion 
layer is also included in the color filter and the like described above. 
10 [0012] 

A specific mode of the present invention is a light-emitting device comprising: 
a plurality of types of color filters having different optical characteristics; a first 
electrode and a second electrode; and a first layer, a second layer and a third layer 
sequentially formed between the first electrode and the second electrode, wherein any of 
15 the first to third layers has an organic material and a metal oxide, and the thickness of 
the layer having the organic material and the metal oxide is different depending on each 
of the optical characteristics. 
10013] 

Another mode of the present invention is a light-emitting device comprising: a 
20 semiconductor film; a first electrode and a second electrode formed over the 
semiconductor film; a first layer, a second layer and a third layer sequentially formed 
between the first electrode and the second electrode, a plurality of types of color filters 
having different optical characteristics, which are formed on the first electrode side (on 
the emission side), wherein the first electrode has a light-transmitting property; the first 
25 layer serves as a layer generating holes, the second layer serves as a layer including a 
light-emitting layer, and the third layer serves as a layer generating electrons; the first 
layer has an organic material and a metal oxide; and the thickness of the first layer is 
different depending on each of the optical characteristics. 
[0014] 

30 The plurality of types of color filters having different optical characteristics 
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mean, for example, color filters having optical characteristics of red (R), green (G) and 
tiiuc (i>;« ouun opiicai Ci lai acicljsiics Oi icu giccji (o/ duu uiuo (i>) can uc 

obtained also m the case of using color filters overiapped with color conversion layers. 
A function of color filters and the like provided in a display device can be obtained by 
5 using the plurality of types of color filters. Thus, making thicknesses of light-emitting 
elements different depending on optical characteristics means making thicknesses of 
light-emitting elements different in regions corresponding to each color filter and the 
like. Hereinafter, it is referred to as making thicknesses of light-emitting elements 
different depending on each color filter. 
10 [0015] 

According to the present invention, the metal oxide is molybdenum oxide, 
vanadium oxide or rhenium oxide. A nitride or an oxynitride of the metal described 
above may be used instead of the metal oxide. 
[0016] 

15 As described above, the thickness of at least one of the first to third layers is 

made different depending on each emission color, thereby preventing the 
light-extraction efficiency from decreasing. Consequently, the maximum 
light-extraction efficiency can be obtained. At this time, the thickness of a layer 
between a reflective electrode and a layer in which electrons and holes are recombined 

20 (i.e., a light-emitting layer) may be made different depending on each emission color. 
[0017] 

Further, it is preferable that a layer in which an organic compound and a metal 
oxide that is an inorganic compound are mixed is used as a layer to be made thicker, 
since a voltage to be applied so as to obtain a predetermined current (also referred to as 
25 a driving voltage) does not become high. Consequently, lower power consumption of 
a light-emitting device can be achieved. 
[0018] 

One feature of the present invention is that the thickness of at least one of the 
first to third layers is made different depending on each color filter and the like. At 
30 this time, the thickness of a layer between a reflective electrode and a layer in which 
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electrons and holes are recombined (i.e., a light-emitting layer) may be made different 
depending on each color filler. As a icsuii, it is possible tc prevent the light- extraction 
efficiency from decreasing. 
[0019] 

5 Further, it is preferable that a layer in which an organic compound and a metal 

oxide that is an inorganic compound are mixed is used as a layer to be made thicker, 
since a driving voltage does not become high. Consequently, lower power 
consumption can be achieved. 

10 BRIEF DESCRIPTION OF DRAWINGS 
In the accompanying drawings: 

FIG. 1 shows a light-emitting element according an aspect of the present 
invention; 

FIG. 2 shows a light-emitting element according an aspect of the present 
15 invention; 

FIG. 3 shows a cross section of a pixel having a light-emitting element 
according an aspect of the present invention; 

FIG 4 shows a cross section of a pixel having a light-emitting element 
according an aspect of the present invention; 
20 FIG 5 shows a cross section of a pixel having a light-emitting element 

according an aspect of the present invention; 

FIG. 6 shows a cross section of a pixel having a light-emitting element 
according an aspect of the present invention; 

FIGS. 7A to 7C are each an equivalent circuit of a pixel having a light-emitting 
25 element according an aspect of the present invention; 

FIGS. 8A to 8F each show an electronic device having a light-emitting element 
according an aspect of the present invention; 

FIG 9 is a graph of voltage with respect to current density of a light-emitting 

element; 

30 FIG 10 is a graph of voltage with respect to current density of a light-emitting 
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element; 

FIG 11 is a graph cf voltage v^ith respect to ci^rent density of a light-essittssg 
element according to one aspect of the present invention; 

FIG 12 is a graph showing absorption spectrum of a light-emitting element; 
5 FIG 13 is a graph showing emission intensity with respect to wavelength of a 

light-emitting element according to one aspect of the present invention; 

FIG 14 is a graph showing emission intensity with respect to current density of 
a light-emitting element; 

FIG 15 shows a light-emitting element according to an aspect of the present 
10 invention; 

FIG 16 shows a light-emitting element according to an aspect of the present 
invention; 

FIG 17 shows a light-emitting element according to an aspect of the present 
invention; 

15 FIG 18 is a cross-sectional view showing a light-emitting element according to 

an aspect of the present invention; 

FIG 19 is a cross-sectional view showing a light-emitting element according to 
an aspect of the present invention; 

FIG 20 is a cross-sectional view showing a light-emitting element according to 
20 an aspect of the present invention; and 

FIG 21 is a cross-sectional view showing a light-emitting element according to 
an aspect of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
25 [0020] 

Embodiment Modes according to the present invention will hereinafter be 
described with reference to the accompanying drawings. The present invention can be 
carried out in many different modes, and it is easily understood by those skilled in the 
art that modes and details herein disclosed can be modified in various ways without 
30 departing from the spirit and the scope of the present invention. It should be noted that 
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the present invention should not be interpreted as being limited to the description of the 
embodiment modes to be given below. The same reference numerals are used for the 
same portions and the portions with similar functions in all drawings, and the 
description thereof is not repeated. 
5 [0021] 

Embodiment Mode 1 

Embodiment Mode 1 describes a structure of a light-emitting element. 

[0022] 

As shown in FIG 1, a light-emitting element of the present invention includes a 
10 first electrode 101 and a second electrode 102 that are opposed to each other, and a first 
layer 111, a second layer 112 and a third layer 113 are stacked in this order over the first 
electrode 101. In such a light-emitting element, holes are injected into the second 
layer 112 from the first layer 111 and electrons are injected into the second layer 112 
from the third layer 113, when a voltage is applied to the light-emitting element such 
15 that a potential of the first electrode 101 are higher than that of the second electrode 102. 
The holes and electrons are recombined in the second layer 112 to excite a 
light-emitting substance. The excited light-emitting substance emits light when 
returning to the ground state. 
[0023] 

20 It is one feature of such light-emitting elements that the thickness of at least 

one of the layers except the first electrode and the second electrode is made different in 
each of light-emitting elements exhibiting emission colors. Therefore, the 
light-extraction efficiency can be increased. 
[0024] 

25 For example, as shown in FIG 2, light-emitting elements that emit light of red 

(R), green (G) and blue (B) share the first electrode 101 that has a non-light-transmitting 
property and the second electrode 102 that has a light-transmitting property, and further 
have first layers 111R, 111G and 111B, second layers 112R, 112G and 112B, and third 
layers 113R, 113G and 113B. The thicknesses of the first layers 111R, 111G and 111B 

30 are made different depending on each emission color. 



WO 2006/033472 



PCT/JP2005/018062 



8 

[0025] 

w».. w *^|— — - jjvvviviv i\> j/tvi 'V<««« w«*ww w « «hS«w V4»Mii vmv*< 

efficiency due to the differences in light paths when light is recognized directly through 
the second electrode and when light is recognized after it is reflected on the first 
5 electrode and passes through the second electrode. 
[0026] 

Specifically, when light enters the first electrode, phase reversal is generated in 
the reflected light, thereby generating the effect of interference of light for reflected 
light and direct light. At this time, in the case where an optical distance between the 

10 light-emitting layer and the reflective electrode (i.e., refractive index x distance) is (2m 
- l)/4 -fold (m is a given positive integer) of the emission wavelength, or, in the case 
where the optical distance is 1/4, 3/4, 5/4 -fold of the emission wavelength, the light 
extraction efficiency is increased. In the meanwhile, in the case where the optical 
distance is m/2 times (m is a given positive integer), or, 1/2, 1, 3/2 ...-fold of the 

15 emission wavelength, the light-extraction efficiency is reduced. 
[0027] 

Therefore, in the light-emitting element of the present invention, the thickness 
of at least one of the first to third layers is made different in each light-emitting element 
so that the optical distance between the light-emitting region and the reflective electrode, 
20 in other words, refractive index x distance, is (2m - l)/4 fold (m is a given positive 
integer) of the emission wavelength. 
[0028] 

Specifically, in the first to third layers, although the thickness of a layer 
between the layer in which electrons and holes are recombined (i.e., light-emitting 
25 layer) and the reflective electrode may be made different, the thickness of the layer 
between the layer in which electrons and holes are recombined and a light-transmitting 
electrode may be made different. Alternatively, the thicknesses of the both layers may 
be made different. Consequently, light can be extracted outside efficiently. 
[0029] 

30 Specifically, when the first to third layers are formed by an evaporation method 
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using an evaporation mask, and the thickness of at least one of the layers is made 
different the snme evsporHtion jn-ssk csn be used. On the other h^nd, ss described in 
Reference 1, a photolithography process and an etching process are needed so as to 
make the thickness of an electrode different, and thus the number of processes is 
5 increased. 
[0030] 

In this manner, according to the present invention, the decrease of the 
light-extraction efficiency can be prevented without increasing the number of processes. 
[0031] 

10 In addition, according to the present invention typified by FIG. 2, the thickness 

of the light-emitting element that generates blue light is the thickest. This is because 
m is 2 in the light-emitting element for blue light and m is 1 in the light-emitting 
elements for red and green light. In the light-emitting element for blue light, in the 
case of m = 1, the thickness becomes extremely small. However, in the case of m = 2, 

15 the thickness becomes large and thus, the productivity can be enhanced. As just 
described, according to the present invention, the values of m are not necessarily equal 
in each color, and the design margin of the thickness of the light-emitting elements can 
be widened by selecting the values of m. 
[0032] 

20 Because the thickness of any of the first to third layers is made different, a 

layer is needed to be thicker. Thus, one feature of the present invention is that a layer 
in which an organic compound and a metal oxide that is an inorganic compound are 
mixed is used as the layer to be made thicker. 
. [0033] 

25 Commonly, when the thickness of a layer in the light-emitting element 

becomes large, the driving voltage also increases, which is not preferable. However, 
as described in Embodiments below, the present inventors have found that the driving 
voltage itself can be lowered by using a layer in which an organic compound and a 
metal oxide that is an inorganic compound are mixed as the layer to be made thicker, 

30 without increasing the driving voltage. 
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[0034] 
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between the first and second electrodes can be prevented, and productivity can be 
enhanced, which is preferable. 
5 [0035] 

As described above, one feature of the present invention is that the thickness of 
at least one of the first to third layers is made different depending on each emission 
color. At this time, the thickness of a layer between a reflective electrode and a layer 
in which electrons and holes are recombined (Le., light-emitting layer) may be made 
10 different depending on each emission color. Further, it is preferable that a layer in 
which an organic compound and a metal oxide that is an inorganic compound are mixed 
is used as the layer to be made thicker, since a driving voltage does not become high. 

[0036] 

15 Embodiment Mode 2 

Embodiment Mode 2 describes a structure of a light-emitting element which is 
different from that of Embodiment Mode 1. 
[0037] 

As shown in FIG 15, a light-emitting element shown in this embodiment mode 
20 includes the first electrode 101 and the second electrode 102 that are opposed to each 
other, and the first layer 111, the second layer 112, the third layer 113 and a fourth layer 
128 that are sequentially stacked over the first electrode 101. One feature of the 
light-emitting element is to have the fourth layer 128. The fourth layer 128 can be 
formed with the same material as that of the first layer 111. Other structures are the 
25 same as those of Embodiment Mode 1 and thus, the description thereof is omitted. 
[0038] 

When the fourth layer 128 is provided, damages to underlay ers in forming the 
second electrode 102 can be reduced. 
[0039] 

30 The thickness of the fourth layer 128 is made different depending on each 
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light-emitting element emitting each emission color. Consequently, the decrease of the 
light-extraction efficiency can be prevented. In addition, when the thickness is made 
different, a metal oxide such as molybdenum oxide, vanadium oxide or rhenium oxide 
may be used as the fourth layer 128. Also, a nitride or an oxynitride of these metals 
5 may be employed. This is because the driving voltage is not needed to be increased, 
even when the thickness is made larger using such metal oxides. 
[0040] 

Damages to underlayers in forming the second electrode 102 can be expected 
to be more reduced by making the fourth layer 128 thicker. 
10 [0041] 

The thickness of the first layer 111 can be made different depending on each 
light-emitting element emitting each emission color, as well as the fourth layer 128. 
Consequently, the thickness of the light-emitting element can be made more increased 
and defects in manufacturing can be reduced by making thicknesses of plural layers 
15 different, in addition to prevention of decrease in the light-extraction efficiency. The 
metal oxide described above, such as molybdenum oxide, vanadium oxide or rhenium 
oxide, is used for the first layer 111, which does not increase the driving voltage. 
[0042] 

The present invention in which the thickness of a layer is made different 
20 depending on each light-emitting element emitting each emission color can be applied 
without limitations on a structure of a light-emitting element. As a result, decrease in 
the light-extraction efficiency can be prevented and the thickness of a light-emitting 
element can be increased. Further, the driving voltage is not made higher as the result 
of using a metal oxide or the like for the layer to be made thicker, which is preferable. 



25 



[0043] 

Embodiment Mode 3 

Embodiment Mode 3 describes a structure in which the thickness of any of 
layers is made different in a light-emitting device including a color filter. 
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[0044] 

As shewn ix FIG. 16, color filters 115R 5 115G and 115B are provided in 
regions that are to exhibit red (R), green (G) and blue (B) that are different in optical 
characteristics, respectively. The color filters can be formed using a known material 
5 by a screen printing method, a droplet discharging method or the like, FIG 16 shows 
the case where the color filters 105R, 105G and 105B are provided on the second 
electrode side 102 (on the emission side), and in this case, the second electrode 102 
needs to be light-transmitting. 
[0045] 

10 The structure of the light-emitting element is as follows: the first layers 111R, 

111G and 111B, the second layers 112R, 112Q and 112B, the third layers 113R, 113G 
and 113B, and the second electrode 102 are formed sequentially over the first electrode 
101. Since each color is generated by the color filters, the first to third layers are 
formed using the same material. However, in FIG 16, the first to third layers are 

15 denoted by the first layers 111R, 111G and 111B, the second layers 112R, 112G^ and 
112B, the third layers 113R, 113G and 113B in order to correspond to each color filter. 
[0046] 

The thickness of any of the first to third layers is made different depending on 
each color filter. In FIG 16, the thickness of the second layers 112R, 112G and 112B 
20 is different depending on each color filter, 
[0047] 

According to this structure, it is possible to prevent decrease of the 
light-extraction efficiency due to the differences in light paths when light is recognized 
directly through the second electrode 102 and when light is recognized by passing 
25 through the second electrode 102 after it is reflected on the first electrode 101. 
[0048] 

Specifically, when light enters the first electrode 101, phase reversal is 
generated in the reflected light, thereby generating the effect of interference of light for 
reflected light and direct light. At this time, in the case where an optical distance 
30 between the light-emitting layer and the reflective electrode (i.e., refractive index x 
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distance) is (2m - l)/4 -fold (m is a given positive integer) of the emission wavelength, 
or, in the case where the optical distance is 1/4, 3/4, 5/4 ... fold of the emission 
wavelength, the light extraction efficiency is increased. In the meanwhile, in the case 
where the optical distance is m/2 times (m is a given positive integer), or, 1/2, 1, 3/2 
5 . . .-fold of the emission wavelength, the light-extraction efficiency is reduced. 
[0049} 

Therefore, in the light-emitting element of the present invention, the thickness 
of any of the first to third layers is made different depending on each color filter so that 
the optical distance between the layer in which electrons and holes are recombined (i.e., 
10 light-emitting layer) and the reflective electrode, in other words, refractive index x 
distance, is (2m - 1)/4 -fold (m is a given positive integer) of the emission wavelength, 
[0050] 

Specifically, in the first to third layers, the thickness of a layer between the 
layer in which electrons and holes are recombined and the first electrode 101 serving as 

15 the reflective electrode, may be made different. However, without being limited to this 
structure, the thickness of a layer between the layer in which electrons and holes are 
recombined and the second electrode 102 serving as the light-transmitting electrode 
may be made different. Alternatively, the thicknesses of the both layers may be made 
different. Consequently, light can be extracted outside efficiently. 

20 [0051] 

Specifically, when the first to third layers are formed by an evaporation method 
using an evaporation mask, and the thickness of at least one of the layers is made 
different, the same evaporation mask can be used, which is preferable. On the other 
hand, as described in Reference 1, a photolithography process and an etching process 
25 are needed to make the thickness of an electrode different, and thus the number of 
processes is increased. 
[0052] 

In this manner, according to the present invention, the decrease of the 
light-extraction efficiency can be prevented without increasing the number of processes. 



I 
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{0053] 

A layer is r.ecded to be thicker because any cf the first to third layers is made 
different. Thus, one feature of the present invention is that a layer in which an organic 
compound and a metal oxide that is an inorganic compound are mixed is used as the 
5 layer to be made thicker. 
[0054] 

Commonly, when the thickness of a layer in the light-emitting element 
becomes large, the driving voltage also increases, which is not preferable. However, 
as described in Embodiments below, the present inventors have found that the driving 
10 voltage itself can be lowered by using a layer in which an organic compound and a 
metal oxide that is an inorganic compound are mixed is used as a layer to be made 
thicker, without increasing the driving voltage, even when the layer is made thicker. 
[0055] 

By making any of the first to third layers thicker, a short circuit between the 
15 first electrode 101 and second electrode 102 can be prevented, and productivity can be 
enhanced, which is preferable. 
[0056] 

FIG 17 shows a case where color filters are provided on the first electrode side 
(on the emission side), which is different from that in FIG. 16. Other structures are 

20 similar to those in FIG 16, and thus, the description thereof is omitted. In the case 
where the color filters are provided on the first electrode side as shown in FIG 17, a 
plurality of insulating films and the like constituting a part of a thin film transistor are 
stacked below the first electrode. Thus, it is preferable that the thickness of each layer 
is made different in consideration of light reflected by such insulating films and the like. 

25 Further, the insulating films and the like may be removed in a region through which 
light passes. 
[0057] 

The present invention as shown in FIG 16 or 17 has one feature that the 
thickness of at least one of the first to third layers is made different depending on each 
30 color filter. At this time, the thickness of a layer between the layer in which electrons 
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and holes are recombined (i.e., light-emitting layer) and the reflective electrode is 
preferably iWuc unfereui dep^mlng on each color filter. Further, it iz preferable that a 
layer in which an organic compound and a metal oxide that is an inorganic compound 
are mixed is used as the layer to be made thicker, since a driving voltage does not 
5 become high. 

[0058] 

Embodiment Mode 4 

Embodiment Mode 4 specifically describes a cross-sectional structure of a 

10 pixel including a color filter and a light-emitting element A cross-sectional structure 
of a pixel in the case where a transistor for controlling current supplied to a 
light-emitting element (driving transistor) is a p-channel thin film transistor (TFT) is 
described with reference to FIG 18. This embodiment mode describes the case where 
the light-emitting element has two electrodes, namely, the first electrode 101 and the 

15 second electrode 102, and one of the first electrode 101 and the second electrode 102 
whose potential can be controlled by a transistor is an anode and the other is a cathode. 
[0059] 

FIG 18 is a cross-sectional view of a pixel including color filters 105R, 105G 
and 105B, in the case of a top emission type in which TFTs 601R, 601G and 601B are 
20 each p-channel type and light generated in a light-emitting element 603 is extracted 
through the second electrode 102. In FIG 18, the first electrode 101 of the 
light-emitting element 603 is electrically connected to the TFTs 601R, 601G and 601B. 
[0060] 

The TFTs 601 R, 601G and 6Q1B are 10 to 200 nm thick, and their channel 
25 forming regions are formed with island-like semiconductor films. Any of an 
amorphous semiconductor film, a crystalline semiconductor film, and a microcrystalline 
semiconductor film may be used as the semiconductor film. For example, in the case 
of forming an amorphous semiconductor film, the amorphous semiconductor film is 
formed first and is heated to be crystallized by a heat treatment to form a crystalline 
30 semiconductor film. The heat treatment can be conducted using a heating furnace, 
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laser irradiation, light-irradiation from a lamp instead of laser light (hereinafter, lamp 

anneal in aY nr a COHlbinEtiO!! Ul^f^Of. 

[0061] 

In the case of laser irradiation, a continuous wave (CW) laser or a pulsed laser 
5 may be used. 
[0062] 

The laser irradiation may be conducted so that the incident angle 6 of laser 
light with iespect to a semiconductor film is 0° < © < 90°. Consequently, an 
interference of laser light can be prevented. 

10 [0063] 

The semiconductor film may be irradiated with continuous wave laser light of a 
fundamental wave and continuous wave laser light of a harmonic, or may be irradiated 
with continuous wave laser light of a fundamental wave and pulsed wave laser light of a 
harmonic. Energy can be supplemented by irradiating with plural kinds of laser light. 
15 [0064] 

In the case of the pulsed laser, a pulsed laser may be oscillated with such a 
repetition rate that the laser of the next pulse is emitted before solidifying the 
semiconductor film that has been melted. This makes it possible to obtain crystal 
grains which are sequentially grown in the scanning direction. In other words, it is 

20 possible to use a pulsed beam with a lower limit of a repetition rate that is set shorter 
than the time required for the melted semiconductor film to solidify. The pulsed beam 
that can be used actually is a repetition rate of 10 MHz or more. This repetition rate is 
extremely higher than that of the pulsed laser used usually, which is from several tens to 
several hundred Hz, to conduct laser crystallization. 

25 [0065] 

In the case of using a heating furnace for another heat treatment, an amorphous 
semiconductor film is heated at a temperature of 500 to 550 °C for 2 to 20 hours. At 
this time, the temperature may be set in multiple stages in the range of 500 to 550 °C so 
as to gradually reach a higher temperature. This is because so-called dehydrogenation 
30 can be performed to reduce film roughness during crystallization, since hydrogen and 
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the like of the amorphous semiconductor film are released in the first low temperature 
heating process. When a xnetd element for promoting crystallization, for example* Ni ; 
is further formed over the amorphous semiconductor film, the heat temperature can be 
lowered, which is preferable. Even in the case of crystallization using such a metal 
5 element, a heat treatment may be performed at a temperature of 600 to 950 °C. 
[0066] 

However, in the case of forming a metal element, there is a concern that the 
metal element may adversely affect electric characteristics of a semiconductor element. 
Thus, a gettering process is required to reduce or remove the metal element. For 
10 example, a process of gettering the metal element may be performed using the 
amorphous semiconductor film as a gettering sink. 
[0067] 

~Ih~lEe"TFTs 601R, 601G and 601B, a gate insulating film covering the 
semiconductor film, a gate electrode in which a fist conductive film and a second 
15 conductive film are stacked, an insulating film over the gate electrode are provided. 
[0068] 

The TFTs 601R, 601G and 601B are each p-channel type, and the 
semiconductor film has a single drain structure having only a high concentration 
impurity region. Alternatively, the TFTs 601R, 601G and 601B may have an LDD 
20 (lightly doped drain) structure in which a low concentration impurity region and a high 
concentration impurity region are provided in the semiconductor film. 
[0069] 

The TFTs 601R, 601G and 601B are covered with an interlayer insulating film 
607, and a bank 608 having an opening portion is foiroed over the interlayer insulating 

25 film 607. The first electrode 101 is partially exposed in the opening portion of the 
bank 608, and the first electrode 101, electroluminescent layers 605R, 605G and 605B, 
and the second electrode 102 are sequentially stacked in the opening portion. The 
electroluminescent layers can be formed using the same material; however, the 
electroluminescent layers are denoted by the electroluminescent layers 605R, 605G and 

30 605B so as to correspond to each color filter in the drawing. 
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[0070] 

The electroluminescent iayers 6G5R, 6C5G and 605B correspond te the first to 
third layers 111, 112 and 113, and the thickness of any of the first to third layers is made 
different depending on each color filter. In this embodiment mode, the relationship 
5 between the thicknesses of the electroluminescent layers becomes 605R <605G <605B. 
This embodiment mode shows a top emission type, and thus, the thickness of the first 
layers closest to the first electrode 101 may be different depending on each color filter. 
As a result, decrease in the light-extraction efficiency can be prevented. Preferably, 
increase in driving voltage due to a thicker thickness can be prevented by using a layer 
10 in which an organic compound and a metal oxide are mixed as the first layer. 
[0071] 

Since the top emission type is shown in this embodiment mode, the first 
electrode 101 is formed using a non-light-transmitting material, in other words, highly 
reflective material. The concrete materials thereof are shown in embodiment modes 
15 described above. 
\W12) 

The second electrode 102 is preferably formed using a light-transmitting 
material, more preferably, a substance having a high work function. The concrete 
materials thereof are shown in embodiment modes described above. 
20 [0073] 

In addition, since the transistor for controlling supply is p-channel type, a 
wiring connected to the TFTs 601R, 601G and 601B can be used as the first electrode 
101. 
[0074] 

25 The first electrode 101 or the second electrode 102 can be formed by a 

sputtering method, an evaporation method or the like. 
[0075] 

The interlayer insulating film 607 is formed using an organic resin material, an 
inorganic insulating material, or an insulator including Si-O-Si bond, which is formed 
30 from a siloxane based material. Siloxane based insulator has a skeleton formed by the 
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bond of silicon (Si) and oxygen (O), in which a compound containing at least hydrogen 
(such as ar* alkyl group cr aromatic hydrocarbon) is included as 2 substituent Further, 
a fluoro group may be used as a substituent. In addition, a compound containing at 
least hydrogen and a fluoro group may be used as a substituent. Moreover, a material 
5 referred to as a low dielectric constant material (low-k material) may be used for the 
interlayer insulating film 607. 
[0076] 

The bank 608 can be formed using an organic resin material, an inorganic 
insulating material or a siloxane based insulator. For example, acrylic, polyimide, 

10 polyamide and the like can be used as the organic resin material, and silicon oxide, 
silicon nitride oxide and the like can be used as the inorganic insulating material. In 
particular, a photosensitive organic resin material is used for the bank 608, an opening 
portion is formed over the first electrode 101 so that Jheside of the opening portion has 
an inclined plane with a continuous curvature. As a result, a short circuit between the 

15 first electrode 101 and the second electrode 102 can be prevented. 
[0077] 

In such a pixel, light emitted from the light-emitting element 603 can be 
extracted through the second electrode 102 as shown by the outline arrow. 
[0078] 

20 Next, FIG 19 is a cross-sectional view of a pixel in the case of a bottom 

emission type in which TFTs 601R, 601 G and 601B are each p-channel type and light 
generated in a light-emitting element 603 is extracted through the second electrode 102. 
[0079] 

In FIG 19, the first electrode 101 of the light-emitting element 603 is 
25 electrically connected to the TFTs 601R, 601G and 601B. In addition, 
electroluminescent layers 605R, 605G and 605B, and the second electrode 102 are 
sequentially stacked over the first electrode 101. 
[0080] 

The TFTs 601R, 601G and 601B can be formed in the same manner as in FIG 
30 18. In addition, since the bottom emission type is shown in FIG 19, the first electrode 
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101 has a light-transmitting property and the second electrode 102 has a 
non-light-transmitting property. Materials of ilie electrodes can be referred to the 
description of the first electrode and the second electrode in FIG 18. Color filters 
105R, 105G and 105B are provided on the substrate side (on the emission side). For 
5 example, the color filters 105R, 105G and 105B can be provided for a rear face of the 
substrate (i.e., a surface in which TFTs are not formed). 
[0081] 

The electroluminescent layers 605R, 605G and 605B can be formed in the 
same manner as the electroluminescent layers shown in FIG 18, and the thickness of at 

10 least one of the first to third layers is different depending on each color filter. Since 
the bottom emission type is shown in FIG 19, the thickness of the third layer closest to 
the second electrode 102 may be made different depending on each color filter. In this 
embodiment mode, the relationship between the thicknesses of the electroluminescent 
layers is 605R <605G <605B. Consequently, decrease in the light-extraction 

15 efficiency can be prevented. Preferably, a layer in which an organic compound and a 
metal oxide are mixed is used as the third layer, thereby preventing the increase of the 
driving voltage due to the thicker thickness. 
[0082] 

In the pixel shown in FIG 19, light emitted from the light-emitting element 613 
20 can be extracted through the second electrode 102 as shown by the outline arrow, and 
the color filters 105R, 105G and 105B are provided on the emission side. 
[0083] 

This embodiment mode can be freely combined with the embodiment modes 
described above. 

25 

[0084] 

Embodiment Mode 5 

Embodiment Mode 5 specifically describes a cross-sectional structure of a 
pixel having a color filter and a light-emitting element, in the case where a transistor for 
30 controlling current supplied to a light-emitting element (driving transistor) is an 
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n-channel thin film transistor (TFT). This embodiment mode describes the case where 

Hie light-cruiiting element hzz two electrodes, namely, the first electrode is an anode and 

the second electrode is a cathode. 

[0085] 

5 Next, FIG 20 is a cross-sectional view of a pixel in the case of a top emission 

type in which TFTs 611R, 611G and 611B are each n-channel type and light generated 
in a light-emitting element 613 is extracted through the second electrode 102. In FIG 
20, the first electrode 101 of the light-emitting element 613 is electrically connected to 
the TFTs 611R, 611G and 611B. In addition, electroluminescent layers 615R, 615G 
10 and 615B, and the second electrode 102 are sequentially stacked over the first electrode 

101. 
[0086] 

The TFTs 611R, 611G and 611B can be formed in the same manner as TFTs 
601R, 601G and 601B in the embodiment mode described above. 
15 [0087] 

Since the top emission type is shown in FIG 20, the first electrode 101 is 
formed using a non-light-transmitting material and the second electrode 102 is formed 
using a light-transmitting material. The materials can be referred to the embodiment 
modes described above. In addition, since the transistor for controlling supply is 
20 n-channel type, a wiring connected to the TFTs 611R, 611G and 611B can be used as 
the first electrode 101. The color filters 105R, 105G and 105B are provided on the 
second electrode 102 side. And the second electrode has a light-transmitting property. 
[0088] 

The electroluminescent layers 615R, 615G and 615B can be formed in the 
25 same manner as the electroluminescent layers 605R, 605G and 605B in the embodiment 
mode described above. The hole injecting layer, the hole transporting layer, the 
light-emitting layer, the electron transporting layer and the electron injecting layer are 
stacked in this order on the first electrode 101, since the first electrode 101 is an anode, 
when the electroluminescent layer 615 has, in addition to the light-emitting layer, any of 
30 the following: the hole injecting layer, the hole transporting layer, the electron 
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transporting layer and the electron injecting layer. 

fAArtrtl 

[uuoyj 

The electroluminescent layers 615R, 615G and 615B correspond to the first to 
third layers 111, 112 and 113, and the thickness of any of the first to third layers is made 
5 different depending on each color filter Since the top emission type is shown in this 
embodiment mode, the thickness of the first layer closest to the first electrode 101 may 
be made different depending on each color filter. In this embodiment mode, the 
relationship between the thicknesses of the electroluminescent layers is 615R <615G 
<615B. Consequently, decrease in the light-extraction efficiency can be prevented. 
10 Preferably, a layer in which an organic compound and a metal oxide are mixed is used 
as the first layer, thereby preventing the increase of the driving voltage due to the 
thicker thickness. 
[0090] 

In the pixel shown in FIG. 20, light emitted from the light-emitting element 613 
15 can be extracted through the second electrode 102 as shown by the outline arrow, and 
the color filters 105R, 105G and 105B are provided on the emission side. 
[0091] 

Next, FIG 21 is a cross-sectional view of a pixel having each emission color 
(RGB), in the case of a bottom emission type in which TFTs 611R, 611G and 611B are 
20 each n-channel type and light generated in a light-emitting element 613 is extracted 
through the first electrode 101. 
[0092] 

In FIG 21, the first electrode 101 of the light-emitting element 613 is 
electrically connected to the TFTs 611R, 611G and 611B. In addition, 
25 electroluminescent layers 615R, 615G and 615B, and the second electrode 102 are 
sequentially stacked over the first electrode 101. 
[0093] 

The TFTs 611R> 611G and 611B can be formed in the same manner as in the 
embodiment mode described above. In addition, since the bottom emission type is 
30 shown in FIG 21, the first electrode 101 has a light-transmitting property and the 
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second electrode 102 has a non-light-transmitting property. The materials thereof can 
be referred to the embodiment modes described above. Further, the color filters 105R, 
105G and 105B are provided on the first electrode 101 side. And the first electrode 
101 has a light-transmitting property. 
5 [0094] 

The electroluminescent layers 615R, 615G and 615B can also be formed in the 
same manner as in the embodiment modes described above and the thickness of any of 
the first to third layers is made different depending on each color filter. Note that the 
hole injecting layer, the hole transporting layer, the light-emitting layer, the electron 

10 transporting layer and the electron injecting layer are stacked in this order on the first 
electrode 101, since the first electrode 101 is an anode, when the electroluminescent 
layer 615 has, in addition to the light-emitting layer, any of the following: the hole 
injecting layer, the hole transporting layer, the electron transporting layer and the 
electron injecting layer. 

15 [0095] 

Since the bottom emission type is shown in FIG 22, the thickness of the third 
layer closest to the second electrode 102 is made different depending on each color filter. 
In this embodiment mode, the relationship between the thicknesses of the 
electroluminescent layers is 615R <615G <615B. Consequently, decrease in the 
20 light-extraction efficiency can be prevented. Preferably, a layer in which an organic 
compound and a metal oxide are mixed is used as the third layer, thereby preventing the 
increase of the driving voltage due to the thicker thickness. 
[0096] 

In the pixel shown in FIG 21, light emitted from the light-emitting element 613 
25 can be extracted through the first electrode 101 as shown by the outline arrow, and the 
color filters 105R, 105G and 105B are provided on the emission side. 
[0097] 

This embodiment mode can be freely combined with the embodiment modes 
described above. 

30 
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[0098] 

»3 — iv-j^ — * j« ^ 

Embodiment Mode 6 describes materials of the first to third layers and the 
electrodes. 
5 [0099] 

The first layer 111 is a layer generating holes. As the first layer 111, for 
example, a layer containing a substance having hole transporting property and a 
substance having electron accepting property with respect to the substance having hole 
transporting property (in other words, the substance serving as an acceptor for the 

10 substance having hole transporting property) can be given. The substance having 
electron accepting property with respect to the substance having hole transporting 
property is preferably included so as to satisfy a molar ratio (i.e., the substance having 
electron accepting property with respect to the substance having hole transporting 
property/the substance having hole transporting property) of 0.5 to 2. 

15 [0100] 

The substance having hole transporting property indicates a substance having a 
strong property of transporting holes rather than electrons. An organic compound, for 
example, an aromatic amine compound such as 4, 
4'-bis[N-(l-naphthyl)-N-phenylamino]biphenyl (a-NPD), 

20 4,4'-bis[N-(3-methylphenyl)-N-phenylamino]biphenyl (TP 0 )* 
4,4 r ,4"-tris(N,N-diphenylamino)triphenylamine (TDATA), 
4,4',4 f/ -tris[N-(3-methylphenyl)-N-phenylamino]triphenylamine (MTDATA), and 
4,4'-bis{N-[4-(N,N-di-m-tolylamino)phenyI]-N-phenylamino}biphenyl (DNTPD); a 
phthalocyanine compound such as phthalocyanine (H2PC), copper phthalocyanine 

25 (CuPc) and vanadyl phthalocyanine (VOPc) can be used. Also, as the substance 
having hole transporting property, for example, a carbazole derivative such as 
4,4'-di(N-carbazolyl)biphenyl (CBP) or an aromatic hydrocarbon compound such as 
9,10-di(2-naphthyl)-2-tert-butyIanthracene (t-BuDNA) can be applied. Note that the 
substance having hole transporting property is not limited to these materials. 
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[0101] 

As the substance havip a *\ertmi\ arcentinp nrooertv with resDect to the 
substance having hole transporting property, for example, a metal oxide such as 
molybdenum oxide, vanadium oxide, or ruthenium oxide can be used. Further, a 
5 nitride or an oxynitride of the metals may be employed. The substance having electron 
accepting property with respect to the substance having hole transporting property is not 
limited thereto. 
[0102] 

The first layer 111 in which the substance having hole transporting property 
10 and the substance having electron accepting property with respect to the substance 
having hole transporting property are mixed can be formed by a co-evaporation method. 
Specifically, the first layer 111 can be formed by combining the same methods or 
different methods, for example, a co-evaporation method using resistance heating 
evaporation, a co-evaporation method using electron beam evaporation, a 
15 co-evaporation method using resistance heating evaporation and electron beam 
evaporation, a formation method using resistance heating evaporation and sputtering, a 
formation method using electron beam evaporation and sputtering, and the like. In 
addition, the above described examples are given in consideration of forming a layer 
including two types of materials; however, a layer including three or more types of 
20 materials can also be formed by combining the same methods or different methods as 
well. 
[0103] 

The first layer 111 may include another organic compound, for example, 
rubrene. Reliability can be enhanced by adding rubrene. 
25 [0104] 

In addition, the first layer 111 may be a layer including a metal oxide such as 
molybdenum oxide, vanadium oxide, ruthenium oxide, cobalt oxide or copper oxide. 
In addition, a nitride or an oxynitride of the metals may be employed. 
[0105] 

30 However, it is preferable that the first layer 111 is formed with the layer 
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containing an organic compound and a metal oxide as described above, since the 

con d u ot i v it y be enhanced £t this time. When the conductivity is high; the first 

layer 111 can be made thicker. 

[0106] 

5 The second layer 112 is a layer including a light- emitting layer. The second 

layer 112 may have a single layer structure or a multilayer structure. For example, as 
shown in FIG 1, the second layer 112 may have a multilayer structure including a hole 
transporting layer 121, an electron transporting layer 123, and an electron injecting 
layer 124, in addition to the light-emitting layer 122, or a single layer of the 
10 light-emitting layer 122. Note that the light-emitting substance is a substance that has 
a favorable light-emitting efficiency and can emit light of a desired emission 
wavelength. 
[0107] 

The second layer 112 is preferably formed using a layer in which a 
15 light-emitting substance is dispersed in a layer of a substance having a larger energy gap 
than that of the light-emitting substance. However, the second layer is not limited 
thereto. Further, the energy gap indicates an energy gap between the LUMO level and 
the HOMO level. Note that the light-emitting substance may be a substance that has a 
favorable light-emitting efficiency and can emit light of a desired emission wavelength. 
20 [0108] 

As a substance used for dispersing a light-emitting substance, for example, an 
anthracene derivative such as 9,10-di(2-naphthyl)-2-tert-butylanthracene (t-BuDNA); a 
carbazole derivative such as 4,4'-di(N-carbazoiyl)biphenyl (CBP); a metal complex 
such as bis[2-(2-hydroxyphenyl)pyridinato]zinc (Znpp2) and 

25 bis[2-(2-hydroxyphenyl)benzoxazolato]zinc (ZnBOX); and the like can be used. 
However, the substance used for dispersing a light-emitting substance is not particularly 
limited to these materials. Note that quenching of light emitted from the light-emitting 
substance due to the concentration of the light-emitting substance can be prevented by 
employing the structure. 
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[0109J 
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be employed: 
4-dicyanomethylene-2-isopropyl-6-[2^1,l,7,7-tetra^ 
5 yran (DCJTI); 
4^icyanomethylene-2-methyl-6-[2^14/^ 

an (DOT); 
4-dicyanomethylene-2-tert-butyl-6-[2<l,l/7^ 

yran (DCJTB); periflanthene; 

10 2,5-dicyano-l ) 4-bis[2-(10-metto^ 

bis[2,3 - bis(4 - fluorophenyl) quinoxalinato]iridium (acetylacetonato) (lr[Fdpq] 2 (acac)) 
and the like. However, the present invention is not limited to these materials, and a 
substance that can emit light with a peak of emission spectrum in 600 to 680 nra, can be 
used. 

15 [0110] 

In order to obtain green light emission, substances such as 
N,N'-dimethyIquinacridon (DMQd), coumarin 6, coumarin 545T, and 
tris(8-quinolinolate)aluminum (Alq 3 ) can be employed. However, the present 
invention is not limited to these materials, and a substance that can emit light with a 
20 peak of emission spectrum in 500 to 550 nm can be used. 
[0111] 

In order to obtain blue light emission, the following substances can be 
employed: 9,10-bis(2-naphthyl)-tert-butylanthracene (t-BuDNA); 9,9'-bianthryI 
9,10-diphenylanthracene (DPA); . 9,10-bis(2-naphthyl)anthracene (DNA): 
25 bis(2-methyl-8-quinolinoIate)-4-phenylphenolate-gallium (BGaq) 
bis(2-methyl-8-quinolinolate)-4-phenylphenolate-aluminum (BAlq); and the like. 
However, the present invention is not limited to these materials, and a substance that 
can emit light with a peak of emission spectrum in 420 to500 nm can be used. 
[0112] 

30 The third layer 113 is a layer generating electrons. As the third layer 113, for 
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example, a layer including a substance having electron transporting property and a 
substance having electros 'donating property wit^ 1 respect to the svsbstsnoe Having 
electron transporting property can be given. The substance having electron 
transporting property is a substance having a strong property of transporting electrons 
5 rather than holes. For example, a metal complex such as 
tris(8-quinolinolato)aluminum (Alq 3 ), tris(4-methyl-8-quinolinolato)aluminum (Almq3), 
bis(10-hydroxybenzo[h]-quinolinato)beTyilium (BeBq2), 
bis(2-methyl-8-quinolinolato)-4-pheny]phenolate-aluminum (BAIq), 
bis[2-(2-hydroxyphenyl)benzoxazolate]zinc (Zn(BOX)2), 

10 bis[2-(2-hydroxyphenyl)benzothiazolate]zinc (Zn(BTZ)2) can be used. In addition, the 
following substances can be used as the substance having electron transporting 
property: 2-(4"biphenylyl)-5-(4-tert-butylphenyl)«l,3,4-oxadiazoIe (PBD); 
l,3-bis[5-(p-tert-butylphenyl)-l,3,4-oxadiazole-2-yl]benzene (OXD-7); 
. S^^tert-butylphenylH-phenyl-S^^biphenylyl^l^^-triazole (TAZ); 

15 3^4-tert-butylphenyl)"4-(4-ethylphenyi>5-(4-biphenylyl)-l,2,4-triazole (p-EtTAZ); 
bathophenanftiroline (BPhen); bathocuproin (BCP); 

4,4'-bis(5-methylbenzoxazolyl-2-yl)stilbene (BzOs) and the like. However, the 
substance having electron transporting property is not limited to these materials. 
[0113] 

20 Further, an alkali metal such as lithium and cesium, alkaline earth metal such as 

magnesium and calcium, rare-earth metal such as erbium and ytterbium, and the like 
can be used as the substance having electron donating property with respect to the 
substance having electron transporting property. However, the substance having 
electron donating property with respect to the substance having electron transporting 

25 property is not limited thereto. Preferably, the third layer 113 includes the substance 
having electron donating property with respect to the substance having electron 
transporting property and the substance having electron transporting property so as to 
satisfy a molar ratio (i.e., the substance having electron donating property with respect 
to the substance having electron transporting property / the substance having electron 

30 transporting property) of 0.5 to 2. 
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[0114] 

Additionally the third laver 1 1 3 mav include a substance such as zinc oxide, 
zinc sulfide, zinc selenide, tin oxide and titanium oxide. 
[0115] 

5 In the above-described light-emitting element, the difference in electron 

affinity between the substance having electron transporting property, which is included 
in the third layer 113 and a substance, which is included in a layer in contact with the 
third layer 113 among the layers included in the second layer 112, is preferably set to be 
2 eV or less, more preferably, 1.5 eV or less* When the third layer 113 is made using 
10 an n-type semiconductor, the difference between a work function of the n-type 
semiconductor and the electron affinity of the substance, which is included in the layer 
in contact with the third layer 113 among the layers included in the second layer 112, is 
preferably 2 eV or less, more preferably, 1.5 eV or less. 
[0116] 

15 Further, the layer in contact with the third layer 113 among the layers included 

in the second layer 112 corresponds to the electron injecting layer 124 in the case where 
the second layer 112 has a stacked structure. 
[0117] 

The second layer 112 may have a single layer structure of a light-emitting layer 
20 or a structure without the electron injecting layer 124 or the like. 
[0118] 

As just described, the second layer 112 and the second electrode 102 are joined 
by the third layer 113, and thus, electrons can be easily injected from the second 
electrode 102 into the second layer 112. 
25 [0119] 

Then, the electrodes are described. One of the first electrode 101 and the 
second electrode 102 can transmit visible light and is formed using a conductive 
substance. Therefore, light can be extracted outside through one of the first electrode 
101 and the second electrode 102 described above. 
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(0120] 
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or a light-transmitting material such as indium tin oxide (TTO), indium tin oxide 
containing silicon oxide (hereinafter, also referred to as ITSO), or indium oxide 

5 containing zinc oxide of 2 to 20 %, a metal material such as gold (Au), platinum (Pt), 
nickel (Ni), tungsten (W), chromium (Cr), molybdenum (Mo), iron (Fe), cobalt (Co), 
copper (Cu) or palladium (Pd), or a stacked structure of the metals can be used. For 
example, when the first electrode needs to have a light-transmitting property, the metal 
material is made thin to become semi-transparent and a transparent material is stacked 
10 thereover. Naturally, a single layer of a semi-transparent metal material may be used. 
However, the materials of the first electrode are not limited to these materials. 
[0121] 

As materials for forming the second electrode 102, in addition to a 
light-transmitting material such as indium tin oxide (1TO), indium tin oxide containing 

15 silicon oxide (ITSO), or indium oxide containing zinc oxide of 2 to 20 %, a metal 
material such as gold (Au), platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr), 
molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu) or palladium (Pd), or a stacked 
structure of the metals can be used. For example, when the second electrode needs to 
have a light-transmitting property, the metal material is made thin to become 

20 semi-transparent, and a transparent material is stacked thereover. Naturally, a single 
layer of a semi-transparent metal material may be used. However, the materials of the 
second electrode are not limited to these materials. 
[0122] 

The first electrode 101 or the second electrode 102 can be formed by a 
25 sputtering method, an evaporation method or the like. 
[0123] 

As described above, the electron transporting layer 123 can be formed between 
the third layer 113 and the light-emitting layer 122. In this manner, the distance from 
the light-emitting layer 122 to the second electrode 102 or the third layer 113 can be 
30 increased by providing the electron transporting layer 123. Thus, quenching of light 
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due to the metal can be prevented. The electron transporting layer 123 has a function 

of transporting injected electrons to the light-emitting layer 122. 

[0124] 

The electron transporting layer 123 can be formed using the above-described 
5 Alq 3 , Almq 3 , BeBq 2 , BAlq, Zn(BOX) 2 , Zn(BTZ) 2 , PBD, OXD-7, TAZ, p-EtTAZ, 
BPhen, BCP, or the like. Without being limited to these materials, the electron 
transporting layer 123 may be formed by using an substance having electron 
transporting property in which the electron mobility is higher than the hole mobility. 
Also, the electron transporting layer 123 is preferably formed by using a substance 
10 having the electron mobility of 10" 6 cm 2 /Vs or more. Further, the electron transporting 
layer 123 may have a multilayer structure formed by stacking two or more layers made 
from the above-described substances. 
[0125] 

As shown in FIG 1, the electron injecting layer 124 may be provided between 
15 the second electrode 102 and the electron transporting layer 123. The electron 
injecting layer 124 has a function of helping the injection of holes into the electron 
transporting layer 123 from the second electrode 102. In addition, since the third layer 
113 exists, the electron injecting layer 124 is not necessarily provided. In other words, 
the third layer 113 can also have a function of helping electrons to be injected. 
20 [0126] 

In this embodiment mode, the hole transporting layer 121 is provided between 
the first electrode 101 and the light-emitting layer 122 as shown in the embodiment 
mode described above. By providing the hole transporting layer 121, the distance 
from the light-emitting layer 122 to the first electrode 101 or the first layer 111 can be 
25 increased, and thus, quenching of light generated in the light-emitting layer due to the 
metal can be prevented. Note that the hole transporting layer 121 is a layer having a 
function of transporting holes injected from the first electrode 101 to the light-emitting 
layer 122. 
[0127] 

30 The above-described a-NPD, TPD, TDATA, MTDATA, DNTPD and the like 
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can be used for the hole transporting layer 121. However, the hole transporting layer 
121 is not particularly limited thereto. The hole transporting layer 121 can be formed 
using the above-described substance with a hole transporting property of which the hole 
mobility is higher than the electron mobility. Specifically, the hole transporting layer 
5 121 is preferably formed using a substance having the hole mobility of KT 6 cm 2 /Vs or 
more. The hole transporting layer 121 may have a multilayer structure formed by 
stacking two or more layers including the above-described substances. 
[0128] 

The hole transporting layer 121 can be formed using a metal oxide such as 
10 molybdenum oxide, vanadium oxide, ruthenium oxide, tungsten oxide or manganese 
oxide. In addition, the hole transporting layer 121 can be formed using the 
above-described phthalocyanine based compound such as HbPc, CuPC and VOPc, the 
aromatic amine compound such as DNTPD, or a high molecular weight material such as 
a poly(ethylenedioxythiophene)/poly(styrene sulfonate) mixture (PEDOT/PSS). 
15 Furthermore, the hole transporting layer 121 may be formed using the above-described 
layer including the substance with the hole transporting property and the substance 
having the electron accepting property with respect to the substance with the hole 
transporting property. However, the hole transporting layer 121 is not limited to these. 
In addition, the hole transporting layer 121 can also be served as the first layer 111. 

20 

[0129] 

Embodiment Mode 7 

Embodiment Mode 7 specifically describes a cross-sectional structure of a 
pixel included in a light-emitting element. In this embodiment mode, a cross-sectional 

25 structure of a pixel in the case where a transistor for controlling current supplied to a 
light-emitting element (driving transistor) is a p-channel thin film transistor (TFT) is 
described using FIG. 3. Note that this embodiment mode describes a case where one 
of the first electrode 101 and the second electrode 102, whose potentials can each 
controlled by a transistor, is an anode and the other is a cathode. 

30 [0130] 
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FIG 3 is a cross-sectional view of a pixel having RGB, in the case of a top 
emission type in which TFTs 601R, 601 G and 601B are each p-channel type and light 
generated in a light-emitting element 603 is extracted through the second electrode 102. 
In FIG 3, the first electrode 101 of the light-emitting element 603 is electrically 
5 connected to the TFTs 6QIR, 601G and 6QIB> 
[0131] 

The TFTs 601R, 601G and 601B are 10 to 200 nm thick, and channel forming 
regions are formed with island-like semiconductor films. Any of an amorphous 
semiconductor film, a crystalline semiconductor film, and a microcrystalline 

10 semiconductor film may be used as the semiconductor film as in the above-described 
embodiment mode. For example, in the case of forming an amorphous semiconductor 
film, the amorphous semiconductor film is formed first and is heated to be crystallized 
by a heat treatment to form a crystalline semiconductor film. The heat treatment can 
be conducted by a heating furnace, laser irradiation, lamp annealing, or a combination 

15 thereof. 
[0132] 

In the case of laser irradiation, a continuous wave (CW) laser or a pulsed laser 
can be used. 
[0133] 

20 Other crystallization conditions are the same as those in the above described 

embodiment mode. 
[0134] 

Laser irradiation may be conducted so that the incident angle 0 of laser light 
with respect to a semiconductor film is 0° < 8 < 90°. Consequently, an interference of 
25 laser light can be prevented. 
[0135] 

The semiconductor film may be irradiated with continuous wave laser light of a 
fundamental wave and continuous wave laser light of a harmonic, or may be irradiated 
with continuous wave laser light of a fundamental wave and pulsed wave laser light of a 
30 harmonic. Energy can be supplemented by irradiating with plural kinds of laser light. 
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[0136] 
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repetition rate that the laser of the next pulse is emitted before solidifying the 
semiconductor film that has been melted. This makes it possible to obtain crystal 
5 grains which are sequentially grown in the scanning direction. In other words, it is 
possible to use a pulsed beam with a lower limit of a repetition rate that is set shorter 
than the time required for the melted semiconductor film to solidify. The pulsed beam 
that can be used actually is a repetition rate of 10 MHz or more. This repetition rate is 
extremely higher than that of the pulsed laser used usually, which is from several tens to 
10 several hundred Hz, to conduct laser crystallization. 
[0137] 

In the case of using a heating furnace for another heat treatment, an amorphous 
semiconductor film is heated at a temperature of 500 to 550 °C for 2 to 20 hours. At 
this time, the temperature may be set in multiple stages in the range of 500 to 550 °C so 

15 as to gradually reach a higher temperature. This is because so-called dehydrogenation 
can be performed to reduce film roughness during crystallization, since hydrogen and 
the like of the amorphous semiconductor film are released in the first low temperature 
heating process. When a metal element for promoting crystallization, for example, Ni, 
is further formed over the amorphous semiconductor film, the heat temperature can be 

20 lowered, which is preferable. Even in the case of crystallization using such a metal 
element, a heat treatment may be performed at a temperature of 600 to 950 °C. 
[0138] 

However, in the case of forming a metal element, there is a concern that the 
metal element may adversely affect electric characteristics of a semiconductor element. 
25 Thus, a gettering process is required to reduce or remove the metal element. For 
example, a process of gettering the metal element may be performed using the 
amorphous semiconductor film as a gettering sink. 
[0139] 

In the TFTs 601R, 601G and 601B, a gate insulating film covering the 
30 semiconductor film, a gate electrode in which a fist conductive film and a second 
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conductive film are stacked, an insulating film over the gate electrode are provided, 
[0140] 

The TFTs 601R, 601G and 601B are each p-channel type, and the 
semiconductor film has a single drain structure having only a high concentration 
5 impurity region. Alternatively, the TFTs 601R, 601G and 601B may have an LDD 
(lightly doped drain) structure in which a low concentration impurity region and a high 
concentration impurity region are provided in the semiconductor film. 
[0141] 

The TFTs 601R, 601G and 601B are covered with an interlayer insulating film 
10 607, and a bank 608 having an opening portion is formed over the interlayer insulating 
film 607. The first electrode 101 is partially exposed in the opening portion of the 
bank 608, and the first electrode 101, electroluminescent layers 605R, 605G and 605B, 
and the second electrode 102 are sequentially stacked in the opening portion. 
[0142] 

15 The electroluminescent layers 605R, 605G and 605B correspond to the first to 

third layers 111, 112 and 113, and the thickness of any of the first to third layers is made 
different depending on each emission color. This embodiment mode shows a top 
emission type, and thus, the thickness of the first layers closest to the first electrode 101 
may be different depending on each emission color. As a result, decrease in the 

20 light-extraction efficiency can be prevented. Preferably, increase in driving voltage 
due to a thicker thickness can be prevented by using a layer in which an organic 
compound and a metal oxide are mixed as the first layer. Note that the thickness of the 
third layer can also be made different depending on each emission color, 
[0143] 

25 Since the top emission type is shown in this embodiment mode, the first 

electrode 101 is formed using a non-light-transmitting material, in other words, highly 
reflective material. As the specific examples, metal materials such as aluminum (Al), 
gold (Au), platinum (Pt), nickel (Ni), tungsten (W), chromium (Cr), molybdenum (Mo), 
iron (Fe), cobalt (Co), copper (Cu) and palladium (Pd) can be given. Further, a stacked 

30 structure of light-transmitting materials such as indium tin oxide (ITO), indium tin 
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oxide containing silicon oxide (ITSO), and indium oxide containing zinc oxide of 2 to 
20 % may be used. However, the material of the first electrode is not limited thereto, 
[0144] 

The second electrode 102 is formed using a light-transmitting material and 

5 preferably, a substance having a high work function. Specifically, indium tin oxide 
(1TO), indium tin oxide containing silicon oxide (ITSO), and indium oxide containing 
zinc oxide of 2 to 20 % can be used. In addition, gold (Au), platinum (Pt), nickel (Ni), 
tungsten (W), chrome (Cr), molybdenum (Mo), iron (Fe), cobalt (Co), copper (Cu), 
palladium (Pd) or the like, each of which is not light-transmitting, can be used by 
10 making them thin enough to transmit light. A stacked structure of these materials can 
also be used. However, the material of the second electrode is not limited thereto. 
[0145] 

In addition, since the transistor for controlling supply is p-channel type, a 
wiring connected to the TFTs 601R, 601G and 601B can be used as the first electrode 
15 10L 
[0146] 

The first electrode 101 or the second electrode 102 can be formed by a 
sputtering method, an evaporation method or the like. 
[0147] 

20 The interlayer insulating film 607 is formed using an organic resin material, or 

an inorganic insulating material, or a siloxane based insulator. Moreover, a material 
referred to as a low dielectric constant material (low-k material) may be used for the 
interlayer insulating film 607. 
[0148] 

25 The bank 608 can be formed using an organic resin material, an inorganic 

insulating material or a siloxane based insulator. For example, acrylic, polyimide, 
polyamide and the like can be used as the organic resin material, and silicon oxide, 
silicon nitride oxide and the like can be used as the inorganic insulating material. In 
particular, a photosensitive organic resin material is used for the bank 608, an opening 

30 portion is formed over the first electrode 101 so that the side of the opening portion has 
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an inclined plane with a continuous curvature. As a result, a short circuit between the 

first electrode 101 and the second electrode 102 can he prevented, 

[0149] 

In such a pixel, light emitted from the light-emitting element 603 can be 
5 extracted through the second electrode 102 as shown by the outline arrow. 
[0150] 

Next, FIG 4 is a cross-sectional view of a pixel having each emission color 
(RGB) in the case of a bottom emission type in which TFTs 601R, 601G and 601B are 
each p-channel type and light generated in a light-emitting element 603 is extracted 
10 through the second electrode 102. 
[0151] 

In FIG 4, the first electrode 101 of the light-emitting element 603 is electrically 
connected to the TFTs 601R, 601G and 601 B. In addition, electroluminescent layers 
605R, 605G and 605B, and the second electrode 102 are sequentially stacked on the 
15 first electrode 101. 
[0152] 

The TFTs 601R, 601G and 601B can be formed in the same manner as in FIG 
3. In addition, since the bottom emission type is shown in FIG 4, the first electrode 
101 has a light-transmitting property and the second electrode 102 has a 
20 non-light-transmitting property. Materials of the electrodes can be referred to the 
description of the first electrode and the second electrode in FIG 3. 
[0153] 

The electroluminescent layers 605R, 605G and 605B can be formed in the 
same manner as the electroluminescent layers shown in FIG 3, and the thickness of any 

25 of the first to third layers is different depending on each of R, G and B. Since the 
bottom emission type is shown in FIG 4, the thickness of the third layer closest to the 
second electrode 102 may be made different depending on each emission color. 
Consequently, decrease in the light-extraction efficiency can be prevented. Preferably, 
a layer in which an organic compound and a metal oxide are mixed is used as the third 

30 layer, thereby preventing the increase of the driving voltage due to the thicker thickness. 
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Note that the thickness of the first layer can be made different depending on each 

emission color. 
[0154] 

In the pixel shown in FIG 4, light emitted from the light-emitting element 613 
5 can be extracted through the second electrode 102 as shown by the outline arrow. 
[0155] 

This embodiment mode can be freely combined with the embodiment modes 
described above. 

10 [0156] 

Embodiment Mode 8 

Embodiment Mode 8 specifically describes a cross-sectional structure of a 

pixel in the case where a transistor for controlling current supplied to a light-emitting 

element (driving transistor) is an n-channel thin film transistor (TFT). This 
15 embodiment mode describes the case where the first electrode is a cathode and the 

second electrode is an anode. 

[0157] 

Next, FIG 5 is a cross-sectional view of a pixel in the case of a top emission 
type in which TFR 611R, 611G and 611B are each n-channel type and light generated 

20 in a light-emitting element 613 is extracted through the second electrode 102. In FIG 
5, the first electrode 101 of the light-emitting element 613 is electrically connected to 
the TFTs 611R, 611G and 611B. In addition, electroluminescent layers 615R, 615G 
and 615B, and the second electrode 102 are sequentially stacked on the first electrode 
101. 

25 [0158] 

The TFTs 611R, 611G and 611B can be formed in the same manner as TFTs 
601 R, 601 G and 601B in the embodiment mode described above. 
[0159] 

Since the top emission type is shown in FIG 5, the first electrode 101 is formed 
30 using a non-light-transmitting material and the second electrode 102 is formed using a 
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light-transmitting material. The materials of the electrodes can be referred to the 

supply of current is n-channel type, a wiring connected to the TFTs 611R, 611G and 
611B can be used as the first electrode 101. 
5 [0160] 

The electroluminescent layers 615R, 615G and 615B can be formed in the 
same manner as the electroluminescent layers 605R, 605G and 605B in the embodiment 
mode described above. The hole injecting layer, the hole transporting layer, the 
light-emitting layer, the electron transporting layer and the electron injecting layer are 
10 stacked in this order on the first electrode 101, since the first electrode 101 is an anode, 
when the electroluminescent layer 615 has, in addition to the light-emitting layer, any of 
the following: the hole injecting layer, the hole transporting layer, the electron 
transporting layer and the electron injecting layer. 
[0161] 

15 The electroluminescent layers 615R, 615G and 615B correspond to the first to 

third layers 111, 112 and 113, and the thickness of any of the first to third layers is made 
different depending on each emission color. Since the top emission type is shown in 
this embodiment mode, the thickness of the first layer closest to the first electrode 101 
is made different depending on each emission color. Consequently, decrease in the 

20 light-extraction efficiency can be prevented. Preferably, a layer in which an organic 
compound and a metal oxide are mixed is used as the first layer, thereby preventing the 
increase of the driving voltage due to the thicker thickness. Note that the thickness of 
the third layer can be made different depending on each emission color. 
[0162] 

25 In the pixel shown in FIG 5, light emitted from the light-emitting element 613 

can be extracted through the second electrode 102 as shown by the outline arrow. 
[0163] 

Next, FIG 6 is a cross-sectional view of a pixel having each emission color 
(RGB), in the case of a bottom emission type in which TFTs 611R, 611G and 61 IB are 
30 each n-channel type and light generated in a light-emitting element 613 is extracted 
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through the first electrode 101. 

In FIG 6, the first electrode 101 of the light-emitting element 613 is electrically 
connected to the TFTs 611R, 611G and 611B. In addition, electroluminescent layers 
5 615R, 615G and 615B, and the second electrode 102 are sequentially stacked on the 
first electrode 101. 
[0165] 

The TFTs 611R, 611G and 611B can be formed in the same manner as in the 
embodiment mode described above. In addition, since the bottom emission type is 
10 shown in FIG 6, the first electrode 101 has a light-transmitting property and the second 
electrode 102 has a non-light-transmitting property. The materials thereof can be 
referred to the embodiment modes described above. 
[0166] 

The electroluminescent layers 615R, 615 G and 615B can also be formed in the 
15 same manner as in the embodiment modes described above and the thickness of any of 
the first to third layers is made different depending on each of R, G and B. Note that 
the hole injecting layer, the hole transporting layer, the light-emitting layer, the electron 
transporting layer and the electron injecting layer are stacked in this order on the first 
electrode 101, since the first electrode 101 is an anode, when the electroluminescent 
20 layer 615 has, in addition to the light-emitting layer, any of the following: the hole 
injecting layer, the hole transporting layer, the electron transporting layer and the 
electron injecting layer. 
[0167] 

Since the bottom emission type is shown in FIG 6, the thickness of the third 
25 layer closest to the second electrode 102 is made different depending on each emission 
color. Consequently, decrease in the light-extraction efficiency can be prevented. 
Preferably, a layer in which an organic compound and a metal oxide are mixed is used 
as the third layer, thereby preventing the increase of the driving voltage due to the 
thicker thickness. Note that the thickness of the first layer can be made different 
30 depending on each emission color. 
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[0168] 

In the pixel shown in FIG 6. Hctht emitted frnm the Ught-emitt^^ element 
can be extracted through the first electrode 101 as shown by the outline arrow. 
[0169] 

5 This embodiment mode can be freely combined with the embodiment modes 

described above. 

[0170] 

Embodiment Mode 9 

10 Next, an equivalent circuit diagram of a pixel having a light-emitting element is 

described with reference to FIGS. 7 A to 7C. 
[0171] 

FIG. 7A is an example of an equivalent circuit diagram of a pixel, which 
includes a signal line 6114, a power supply line 6115, a scanning line 6116, a 

15 light-emitting element 6113, transistors 6110 and 6111, and a capacitor 6112 at the 
intersection portion formed by the signal line 6114, the power supply line 6115 and the 
scanning line 6116. The signal line 6114 is inputted with a video signal by a signal 
line driver circuit. The transistor 6110 can control supply of the video signal to a gate 
of the transistor 6111 in accordance with a selection signal inputted to the scanning line 

20 6116. The transistor 6111 is a driving transistor that can control supply of current to 
the light-emitting element 6113 in accordance with the potential of the video signal. 
The capacitor 6112 can hold voltage between a gate and a source of the transistor 611 L 
Note that the capacitor 6112 is provided in FIG. 7A; however, it is not required to be 
provided if the gate capacitance of the transistor 6111 or the other parasitic capacitance 

25 can substitute for it. 
[0172] 

FIG. 7 B is an equivalent circuit diagram of a pixel where a transistor 6118 
and a scanning line 6119 are additionally provided in the pixel shown in FIG. 7A. By 
the transistor 6118, potentials of the gate and a source of the transistor 6111 can be 
30 equal to each other so as to forcibly flow no current into the light-emitting element 6113. 
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Therefore, the length for a subframe period can be set to be shorter than a period for 
inputting a video signal into all pixels, In addition, a state in which nn current forcibly 
flows to the light-emitting element 613 can be obtained depending on a driving method, 
even in the pixel as shown in FIG. 7A. 
5 [0173] 

FIG. 7C is an equivalent circuit diagram of a pixel where a transistor 6125 and 
a wiring 6126 are additionally provided in the pixel shown in FIG. 7 B. Gate 
potential of the transistor 6125 is fixed by the wiring 6126* In addition, the transistors 
6111 and 6125 are connected in series between the power supply line 6115 and the 
10 light-emitting element 6113. In FIG. 7C, accordingly, the transistor 6125 controls the 
amount of current supplied to the light-emitting element 6113 while the transistor 6111 
controls whether the current is supplied or not to the light-emitting element 6113- 
[0174] 

It is to be noted that a configuration of a pixel circuit of the present invention is 
15 not limited to those described in this embodiment mode. This embodiment mode can 
be freely combined with the embodiment modes described above. 

[0175] 

Embodiment Mode 10 

20 An electronic device provided with a light-emitting device according the present 

invention includes: a television set (simply referred to as a TV, or a television receiver), 
cameras such as a digital camera and a digital video camera, a mobile phone set (simply 
referred to as a cellular phone set, or a cellular phone), a portable information terminal 
such as PDA (personal digital assistant), a portable game machine, a monitor for a 

25 computer, a computer, a sound reproducing device such as a car audio set, an image 
reproducing device provided with a recording medium such as a home game machine, 
and the like. Specific examples thereof are described with reference to FIGS. 8A to 
8F. 

[0176] 

30 A portable information terminal shown in FIG 8A includes a main body 9201, a 
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display portion 9202 and the like. The light-emitting device of the present invention 
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terminal in which the light-extraction efficiency can be maximum, and that can achieve 
lower power consumption can be provided. 
5 [0177] 

A digital video camera shown in FIG 8B includes a display portion 9701, a 
display portion 9702 and the like. The light-emitting device of the present invention 
can be applied to the display portions 9701 and 9702. As a result, the digital video 
camera in which the light-extraction efficiency can be maximum, and that can achieve 
10 lower power consumption can be provided. 
[0178] 

A cellular phone shown in FIG 8C includes a main body 9101, a display portion 
9102 and the like. The light-emitting device of the present invention can be applied to 
the display portion 9102. As a result, the cellular phone in which the light-extraction 
15 efficiency can be maximum, and that can achieve lower power consumption can be 
provided. 
[0179] 

A portable television set shown in FIG 8D includes a main body 9301, a display 
portion 9302 and the like. The light-emitting device of the present invention can be 

20 applied to the display portion 9302. As a result, the portable television set in which 
the light-extraction efficiency can be maximum, and that can achieve lower power 
consumption can be provided. The light-emitting device of the present invention can 
be applied to various types of television sets such as a small-sized television 
incorporated in a portable terminal such as a cellular phone, a medium-sized television 

25 which is portable, and a large-sized television (for example, 40 inches or more). 
[0180] 

A portable computer shown in FIG 8E includes a main body 9401, a display 
portion 9402 and the like. The light-emitting device of the present invention can be 
applied to the display portion 9402. As a result, the portable computer in which the 
30 light-extraction efficiency can be maximum, and that can achieve lower power 
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[OlSl] 

A television set shown in FIG 8F includes a main body 9501, a display portion 
9502 and the like. The light-emitting device of the present invention can be applied to 
5 the display portion 9502. As a result, the television set in which the light-extraction 
efficiency can be maximum, and that can achieve lower power consumption can be 
provided. 
[0182] 

As described above, by using a light-emitting device according to the present 
10 invention, electronic devices in which the light-extraction efficiency can be maximum 
and lower power consumption is achieved can be provided. 

Examples 
[0183] 
15 Example 1 

Example 1 shows results of emission intensity of elements emitting each 
emission color, which were obtained by a multiple interference numerical calculation. 
[0184] 

First, FIG 14 shows measured results of a photoluminescence spectrum obtained 
20 by depositing the second layer which is common in each emission color, in other words, 
a light-emitting layer, over a glass substrate, exciting it with ultraviolet rays, and 
measuring the emission spectrum. In FIG. 14, each emission intensity is normalized. 
[0185] 

Then, FIG 13 shows results of the emission intensity obtained by a multiple 
25 interference numerical calculation. The structure of the element emitting red colored 
light in FIG 13 was Al\ ITSO\a-NPD:molybdenum oxide:rubrene\a-NPD\Alq3(Ir 
[Fdpq] 2 acac)\Alq 3 \BzOS:Li\ ITSO that are 100 nm\10 nm\20 nm\10 nm\40 nm\20 
nm\20 nm \20 nm\110 nm thick, respectively. Note that [:] means that plural materials 
were co-evaporated with resistance heating evaporation to be mixed in a layer, and [\] 
30 means that each layer was stacked. The layers were stacked in this order from the left. 
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The same is true in the following. 

In this element structure, Al and ITSO corresponded to the first electrode 101; 
a-NPD: molybdenum oxide: rubrene and a-NPD, the first layer 111; Alq3(Ir 
5 [Fdpqfcacac), the second layer 112; Alq 3 and BzOS:ii, the third layer 113; and ITSO, 
the second electrode 102. In this element structure, Al and ITSO were formed by a 
sputtering method, and the other layers were formed by an evaporation method. 
[0187] 

The structure of the element emitting green colored light was 
10 Al\ ITSO\a-NPD:molybdenum 
oxide:rubrene\a-NPD\Alq 3 (DMQd)\Alq 3 \BzOS:Li\ ITSO that are 100 nm\lO nm\120 
nm\10 nm\40 nm\20 nm\20 nm\ 110 nm thick, respectively. In this element structure, 
Al and ITSO were formed by a sputtering method, and the other layers were formed by 
an evaporation method. 
15 [0188] 

In this element structure, Al and ITSO corresponded to the first electrode 101; 
a-NPD: molybdenum oxide: rubrene and a-NPD, the first layer 111; Alq3(DMQd), the 
second layer 112; Alq3 and BzOS:Li, the third layer 113; and ITSO, the second 
electrode 102. 
20 [0189] 

Hie structure of the element emitting blue colored light was 
Al\ITSO\a-NPD:molybdenum oxide:robrene\a-NPD\tBuDNA\Alq 3 \BzOS:U\ ITSO 
that are 100 nm\10 nm\220 nm\10 nm\40 nm\20 nm\20 nra\110 nm thick, respectively. 
In this element structure, Al and ITSO were formed by a sputtering method, and the 
25 other layers were formed by an evaporation method. 
[0190] 

In this element structure, Al and ITSO corresponded to the first electrode 101; 
a-NPD: molybdenum oxide: rubrene and a-NPD, the first layer 111; tBuDNA, the 
second layer 112; Alq 3 and BzOS:Li, the third layer 113; and ITSO, the second 
30 electrode 102. 
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[0191] 

These element structures were top emission type, and the thickness of a-NFD: 
molybdenum oxide: rubrene closest to the first electrode 101 was different in each of 
the elements emitting each emission color. 
5 [0192] 

Emission intensity of the elements emitting each emission color in FIG 13 is 
higher than that in FIG 14. In other words, the emission intensity was enhanced by 
making the thickness of the a-NPD: molybdenum oxide: rubrene different. 
Consequently, light from the element emitting each emission color were extracted 
10 efficiently. 

Example 2 
[0193] 

One feature of the present invention is that the thickness of the a-NPD: 
15 molybdenum oxide: rubrene is large in Example 1. Thus, the relationship between the 
thickness and driving voltage of the light-emitting element is explained in Example 2. 
[0194] 

FIG 9 shows a graph of current density (mA/cm 2 ) to voltage (V) characteristics 
in the case where the thickness X of a-NPB is 60 nm thick (sample 1), 80 nm thick 

20 (sample 2), 100 nm thick (sample 3), 120 nm thick (sample 4), 140 nm thick (sample 5) 
and 160 nm thick (sample 6) in an element structure of ITO\CuPc (20nm)\a-NPB (X 
nm)\ Alq 3 :DMQd (37.5 nm)\AIq3(37.5 nm)\calcium fluoride (CaF 2 ) (1 nm)\Al (200 nm). 
Table 1 shows results of the current density (mA/cm 2 ) to voltage (V) characteristics. 
[0195] 

25 Table 1 



Sample 


Thickness: X(nm) 


Voltage (V)* 1 


a) 


60 


12.5 


(2) 


80 


13.5 


0) 


100 


15.3 


(4) 


120 


16.5 
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(5) 


140 


18.9 






mn 

JL>.> 



[0196] 



As shown in FIG 9, as the thickness of a-NPB is increased, the voltage is also 
increased. Accordingly, the driving voltage needed for obtaining a desired current 
density is also increased as the thickness of a-NPB is increased. . 
5 [0197] 

FIG 10 shows a graph of current density (mA/cm 2 ) to voltage (V) characteristics 
in the case where the thickness X of molybdenum oxide was 20 nm thick (sample 7), 50 
nin thick (sample 8), and 100 nm thick (sample 9), in an element structure of 
ITOmolybdenum oxide (X nm)\CuPc (20 nm)\a-NPB (40 nm)\Alq 3 :DMQd (37.5 
10 nm)\Alq 3 (37.5 nm)\calcium fluoride (CaF 2 ) (1 nm)\Al (200 nm). Table 2 shows results 
of the current density (mA/cm ) to voltage (V) characteristics. 
[0198J 



Table 2 



Sample 


Thickness: X(nm) 


Voltage (V)* 1 


(7) 


20 


11.7 


(8) 


50 


11.9 


(9) 


100 


12.7 



[0199] 



15 As shown in FIG 10, as the thickness of molybdenum oxide is increased, the 

voltage is also increased. Accordingly, the driving voltage needed for obtaining a 
desired current density is also increased as the thickness of molybdenum oxide is 
increased. 
[0200] 

20 It was recognized that the driving voltage was also increased when the thickness 

of the light-emitting element was increased. 
[0201] 

However, the present inventors have found that the driving voltage is not 
increased even when the thickness is increased, as a result of forming a layer including 
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an organic compound and a metal oxide that is an inorganic compound. DNTPD was 
used as the organic compound and molybdenum oxide was used as the metal oxide- and 
they were co-evaporated with resistance heating co-evaporation to form a layer in which 
DNTPD and molybdenum oxide were mixed. FIG 11 shows a graph of current 
5 density (mA/cm 2 ) to voltage (V) characteristics of the layer in which DNTPD and 
molybdenum oxide are mixed. Note that the specific element structure was 
ITSO\DNTPD:molybdenum oxiderrubrene (X nm)\a-NPB (10 nm )\ Alq 3 : Coumarin 6 
(37.5 nm)Wq3 (37.5 nm)\liF (1 nm)\Al (200 nm), and the thickness of 
DNTPD:molybdenum oxiderrubrene, namely X was 40 nm thick (sample 10), 80 nm 
10 thick (sample 11), 120 nm thick (sample 12), and 160 nm thick (sample 13). Note that 
it was possible that the reliability was increased by co-evaporating nibrene. Table 3 
shows results of the current density (mA/cm 2 ) to voltage (V) characteristics. 



[0202] 
Table 3 



Sample 


Thickness: X(iun) 


Voltage (V) M 


(10) 


40 


6.1 


(11) 


80 


6.3 


(12) 


120 


6.3 


(13) 


160 


6.3 



15 [0203] 

As shown in FIG 11, it is understood that the voltage is not increased and kept 
almost constant even when the thickness (X nm) of DNTPDrmolybdenum 
oxiderrubrene is increased. In the element used for FIG 11, the voltage itself is 
decreased. 
20 [0204] 

The element structures used in FIGS. 9 and 11 are different from those used in 
Example 1, since the element structures in FIGS. 9 and 11 are used to find the 
relationship between the thickness of the layer including the organic compound and the 
metal oxide, and the driving voltage. However, even in the element in the example 
25 described above, it is not necessary for the driving voltage to become high, even when 
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the thickness of DNTPD:molybdenum oxide:rubrene is increased. Lower power 

consumption can be, achieved in such -a light-emitting device using a light-emitting 
element in which driving voltage is not needed to be high, even when the thickness is 
increased. 
5 [0205] 

In addition, by increasing the thickness of DNTPD:molybdenum oxiderrubrene, 
a short circuit between the first electrode and the second electrode can be prevented. 
Consequently, productivity of the light-emitting device including the element structure 
according to the present invention can be increased. 

10 

[0206] 
Example 3 

In example 3, characteristics of molybdenum oxide that is a metal oxide, a-NPD 
that is an organic compound having high hole transporting property, and molybdenum 
15 oxide:a-NPD were examined. The films of them were each formed by an evaporation 
method and molybdenum oxide: a-NPD was co-evaporated by resistance heating 
evaporation. 
[0207] 

As shown in Table 4, molybdenum oxide: a-NPD, which was a mixture of 
20 molybdenum oxide and a-NPD, had a smaller ionization potential than molybdenum 
oxide and a-NPD by about 0.1 to 0.2 eV. In other words, it was understood that the 
hole injecting property is enhanced. 
[0208] 
Table 4 



Material of Layer 


IP^eV) 
-5.48 


MoOx 


a-NPB 


-5.38 


MoO x : a-NPB (1:1)° 


-5.37 


MoO x : a-NPB (1:0.5)" 


. -5.27 



25 



a: mol/mol 



WO 2006/033472 



PCT7JP2005/018062 



50 

b: Ionization Potential (surveyed value by B39AC-2) 

FIG 12 shows absorption spectrum of the films. Absorption by molybdenum 
oxide: a-NPD (referred to as OMO x ) is more reduced than molubdenum oxide alone. 
5 Thus, it can be understood that light-absorption loss can be reduced by forming a 
light-emitting element using molybdenum oxide: a-NPD rather than molybdenum oxide 
alone. 
[0210] 

As shown in FIG 12, molybdenum oxide: a-NPD. has a new absorption peak 
10 around 500 nm, while molybdenum oxide and a-NPD do not have a characteristic peak 
in a visible light region. It can be thought that this is because a charge transfer 
complex was formed between molybdenum oxide and a-NPD. The molybdenum 
oxide served as an acceptor and a-NPD served as a donor. The conductivity was 
increased and the effect of preventing increase of the driving voltage as described in 
15 Example 2 was obtained because the charge transfer complex was formed. Moreover, 
it is confirmed that an amine based compound such as DNTPD as well as a-NPD can 
serve as a donor. Carbazole derivatives such as CBP or an aromatic hydrocarbon 
compound such as t-BuDNAcan be applied. 
[0211] 

20 From these experimental results, it was recognized that a synergistic effect was 

able to be obtained by mixing an organic compound and a specific inorganic compound. 
The effect was not obtained by a single body thereof. Further, it was recognized that 
molybdenum oxide that is a metal oxide was preferably used as the inorganic 
compound. 

25 



30 



